Information on texture (crystal orientation anisotropy and preferred orientation) and microstructure (crystallite size) as well as strain and stress is very important for characterization of the metallurgical properties of structural or functional materials. In particular, the bulk information, which cannot be non-destructively investigated by EBSD (electron backscatter diffraction), Xray diffraction and X-ray phase-contrast microtomography, reflects an essential property of the entire material. For exploration of such information, a time-of-flight (TOF) spectroscopic neutron imaging at a pulsed neutron source [1] is the most suitable technique because this method can give the positiondependent Bragg-edge transmission spectra over the wide area with a use of a neutron imaging detector, which include the texture and microstructure information of a bulk material at each pixel position. Therefore, a data analysis code for the Bragg-edge transmission spectrum is indispensable for the quantitative evaluation of the crystallographic and metallographic information.
For this reason, we have developed a Rietveld-like analysis code, RITS (Rietveld Imaging of Transmission Spectra) [2, 3] , and we have successfully carried out the quantitative imaging of the crystal orientation anisotropy, the preferred orientation and the crystallite size in a welded steel plate [3] .
However, the feasibility of this code has not been sufficiently confirmed yet.
Therefore, we have compared the results obtained by the RITS code with those given by the Rietveld analysis software for neutron TOF diffractometry, and discuss the features of both transmission method and diffraction method.
RITS -A Rietveld-type analysis code for the Bragg-edge transmission imaging
The Rietveld analysis method [4] is a crystal structure analysis method for powder diffraction data of X-rays and neutrons. In this method, we calculate a whole scattering pattern based on the crystal structure factor, and 
where V 0 is the unit cell volume of the crystal lattice, d hkl is the distance of the crystal lattice plane {hkl} (so-called the crystal lattice spacing or the dspacing), and F hkl is the crystal structure factor including the Debye-Waller factor. The first new factor, the Dreele-Jorgensen-Windsor type resolution function R hkl (λ,d hkl ) [7] , represents the edge asymmetric broadening due to the neutron pulse shape, the edge shift due to the macrostrain and the edge symmetric broadening due to the microstrain. The operation mode based on 4 the three-stage single edge profile analysis algorithm [10] has been optionally implemented in the RITS code for the high resolution strain imaging.
The second new factor, the March-Dollase function P hkl (λ,d hkl ,R 0 ,HKL) [8] , represents the crystal orientation distribution averaged over the DebyeScherrer ring. Here, the March-Dollase coefficient R 0 means the degree of crystal orientation anisotropy. R 0 = 1 means that the orientation distribution is random (isotropic). As R 0 is away from unity, the anisotropy becomes large.
The preferred orientation <HKL> orients parallel to the incident beam direction when R 0 is less than one, and orients perpendicular to the incident beam direction when R 0 is greater than one. By using this function, we can calculate the shape change of the Bragg-edge transmission spectrum depending on the texture effect, and can deduce the orientation anisotropy factor R 0 and the preferred orientation <HKL>. The third new factor, Sabine's extinction function
, represents the re-diffraction phenomenon of diffracted neutrons toward the transmitted beam direction occurring inside one crystallite (the primary extinction effect), and is formulated as a function of the crystallite size KD. By using this function, we can calculate the intensity increase of the Bragg-edge transmission spectrum depending on the extinction effect, and can deduce the crystallite size KD parallel to the transmitted beam direction.
Bragg-edge transmission imaging experiment with the RITS code

Specimens
Measured specimens were rolled and TIG (tungsten inert gas) welded low-carbon steel (α-iron) plates composed of body-centered-cubic (BCC) polycrystalline ferrites. Fig. 1 (a) shows a photograph of the specimens.
Neutrons were transmitted through the normal direction (ND) in the top specimen, and were transmitted through the rolling direction (RD) in the bottom one. The weld zone exists along the center line. The neutron transmission thickness is 6 mm. Fig. 1 (b) shows stable end crystal orientations of a BCC metal after the rolling process. In general, the <111> orientation appears in the ND, and the <110> one appears in the RD [11] . In addition, we note that the grains in the weld zone are almost a half of the size of the grains in the base zone [3] . Thus, we have aimed at the quantitative evaluation of the degree of crystal orientation anisotropy, the preferred orientation and the crystallite size in both the base zone and the weld zone, through the Bragg-edge transmission imaging with the RITS code. 
6 parameters of the preferred orientation, the crystal orientation anisotropy and the crystallite size. Fig. 3 shows quantitative images of the degree of crystal orientation anisotropy R 0 , the preferred orientation <HKL> parallel to the neutron transmission direction and the crystallite size KD along the neutron transmission direction. Fig. 3 (a) indicates that the orientation anisotropies in the weld zone become random (isotropy) due to the rapid cooling and recrystallization during the solidification. Fig. 3 (b) indicates that the major preferred orientation along the ND is <111>, and the major preferred orientation along the RD is <110>. These are well consistent with the typical stable end orientation property of a rolled BCC metal. Fig. 3 (c) indicates that the crystallites in the weld zone become a half of the size of the crystallites in the base zone due to the rapid cooling and recrystallization during the solidification. This result is supported by the results of the grains observation using an optical microscope [3] . Thus, we have successfully evaluated the information on the texture and the microstructure by using the RITS code. 
Comparison with the results of a neutron TOF diffraction experiment
Experimental
A pulsed neutron TOF diffraction experiment was carried out at the Ibaraki materials design diffractometer (iMATERIA) [13] at Materials and Life
Science Experimental Facility (MLF) at Japan Proton Accelerator Research
Complex (J-PARC) in Japan. The proton beam power was 120 kW during the 
Rietveld analysis results by using the Z-Rietveld code
We analyzed the experimental diffraction patterns by using the ZRietveld code [15] that is the Rietveld analysis software for pulsed neutron powder diffractometers installed at J-PARC. and KD diff in Table 1 ). On the other hand, we have obtained the results as follows. The preferred orientation of the two ND specimens indicates that <530> is perpendicular to the beam direction since R 0 is greater than one, and the preferred orientation of the two RD specimens indicates that <530> is parallel to the beam direction since R 0 is less than one. Namely, the Z-Rietveld code has given an answer that the <530> orientation is parallel to the RD. This is quite different from the previous works in metallurgy and also the results of the Bragg-edge transmission imaging with the RITS code. 
Discussion
The difference of the preferred orientation data may be caused by the time-focusing method. This is because this method averages and gradates For comparing the other parameters, the crystal orientation anisotropy R 0 and the crystallite size KD, we have re-analyzed the experimental transmission data shown in Fig. 2 , under the condition that the preferred orientation <530> is assumed in the RITS code. 
9 diffraction method. In the analyses using the RITS code, the preferred orientation has been fixed at <530> (the re-analysis results).
Conclusion
For quantitative visualization of texture and microstructure using a pulsed neutron Bragg-edge transmission imaging, we developed a Rietveldtype spectral fitting code, RITS, that is formulated by the kinematical diffraction theory and three new factors. By using the RITS code, we successfully obtained the quantitative images and the information on the crystal orientation anisotropy, the preferred orientation and the crystallite size in a welded α-iron plate, and they were well consistent with the previous 
